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1 Introduction

In Rel-10 CA demodulation requirements, the bandwidth combinations of 2×10MHz and 2×20MHz are used to cover FDD CA operating bands CA_1A-5A and CA_1C respectively, and 2×20MHz to cover TDD CA_40C. In Rel-11, many new CA band configurations are specified such as CA_1A-19A, CA_4A-13A and etc. In this contribution, we will evaluate the coverage of the existing CA demodulation requirements for Rel-11 from bandwidth combination aspects.
2 Potential bandwidth combinations in Rel-11 and future releases
In Table 1 and Table 2, we provide the bandwidth combinations for WID still within Rel-11 time framework after RAN Plenary #56 [1~7].  Those highlighted by green are specified in TS36.101 v.b.2.0. It can be observed that all the intra-band CA configurations can support 2×20MHz, and most of the inter-band CA configurations can support 2×10MHz. But some inter-band CA configurations could not support 2×20MHz as maximum.
So there would be some issues:

· Firstly, some CA configurations, e.g., CA_3A-7A, could be verified against both 2×10MHz and 2×20MHz, while some configurations, e.g., CA_4A-13A, can only be verified against 2×10MHz although it can support larger aggregated bandwidth. And CA_1A-7A supports neither  2×10MHz nor 2×20MHz;
· Secondly, some CA configurations might not be verified by sustained data rate test, which requires 2×20MHz aggregated bandwidth;

· Thirdly CL_B requirements should be introduced to cover CA_1B which was shifted from Rel-11 to Rel-12 [7].
Table 1: Supported CC combinations per CA configuration for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	75RB+100RB

(15 MHz + 20 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_1C
	
	Yes
	
	Yes
	40
	0

	CA_7C
	
	Yes
	
	Yes
	40
	

	CA_38C
	
	Yes
	
	Yes
	40
	

	CA_40C
	Yes
	Yes
	
	Yes
	40
	0

	CA_41C
	Yes
	Yes
	Yes
	Yes
	40
	0

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 2: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Max bandwidth

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	
	Yes
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15

	
	19
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	20+20

	
	7
	
	
	
	Yes
	Yes
	Yes
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	20+10

	
	13
	
	
	
	Yes
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	10+10

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_20A-3A
	20
	
	
	Yes
	Yes
	
	
	20+10

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+20

	
	21
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_3A-8A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	20+10

	
	8
	
	
	Yes
	Yes
	
	
	

	CA_5A-12A
	5
	
	
	
	Yes
	
	
	10+10

	
	12
	
	
	
	Yes
	
	
	

	CA_1A-7A
	1
	
	
	
	
	Yes
	
	20+15

	
	7
	
	
	
	
	Yes
	Yes
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	15+10

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	5
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	


3 Discussion and proposals

3.1 
Bandwidth coverage
We summarized the FDD and TDD demodulation performance requirements in Table 3 and Table 4. Here we use “test set” to indicate the CA requirements with the same simulation assumptions except for the bandwidth.
Table 3: Summary of Rel-10 FDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×10 MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	3-8
	CL_A-A

	
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_A-A, CL_C

	2
	2×10 MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3-8
	CL_A-A

	
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_A-A, CL_C

	3
	2×10 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	3-8
	CL_A-A

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_A-A, CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_A-A, CL_C

	Power imbalance

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_A-A, CL_C

	CA CQI periodic reporting test

	8
	2×10 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_A-A


Table 4: Summary of Rel-10 TDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_C

	2
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_C

	3
	2×20 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	5-8
	CL_C

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_C

	Power imbalance

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_C

	CA CQI periodic reporting test

	8
	2×20 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_C


Firstly for TDD, all the CA configurations are intra-band and can be covered by the existing TDD CA demodulation requirements. And the UE capability of receiving on the maximum aggregated bandwidth is verified.
But for FDD, the situation is complicated. There are four cases:

· Case 1: Neither 2×10MHz nor 2×20MHz can apply for them, e.g., CA_1A-7A;
· Case 2: 2×10MHz requirements can apply but 2×20MHz ones cannot apply for them,
· Case 2.1: the maximum capability is verified, e.g., CA_1A-5A, CA_4A-12A, CA_4A-17A, CA_5A-12A, CA_2A-17A;
· Case 2.2: the maximum capability is not verified, e.g., CA_1A-19A, CA_4A-13A, CA_7A-20A, CA_20A-3A, CA_3A-5A, CA_1A-18A, CA_3A-8A, CA_11A-18A, CA_1A-19A;
· Case 3: 2×20MHz requirements can be applied while 2×10MHz ones cannot be applied for them, e.g., CA_1C, CA_7C;
· Case 4: Both 2×10MHz and 2×20MHz requirements can apply for them, e.g., CA_3A-7A, CA_1A-21A, CA_3A-7A.
For Case 1, new requirements should be defined. For Case 2.1 there would be no problem. For Case 2.2 actually the CA demodulation functionality is partially verified. For Case 3, the maximum capability of receiving on the aggregated bandwidth can be verified. For Case 4, the maximum capability of UE can be verified but whether both test cases should be conducted may need more consideration. 
We further dig into Case 1, Case 2.2 and Case 4. For Case 1, only one CA configuration exists in Rel-11, i.e., CA_1A-7A which supports 15MHz+20MHz as maximum. For Case 2.2 there are several bandwidth combinations as maximum for different CA configurations: 15MHz+20MHz, 10MHz+20MHz, 10MHz+15MHz. For Case 4, there would be no need to conduct both 2×10MHz and 2×20MHz requirements, since the CA demodulation requirements are mostly functional. It would be sufficient to conduct 2×20MHz test and one single carrier 10MHz test as Rel-8/9 test instead of 2×10MHz test.
(Note: once the 2×10MHz or 2×20MHz test is conducted for a UE, the corresponding single carrier test will be skipped to save the effort of testing).

3.2 
Normal CA demodulation requirements
For normal CA demodulation requirements, we have the following proposals:

· Proposal 1: for Test set 1 and Test set 2, add the new FDD requirements with the bandwidth combinations of 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz in addition to the existing 2×20MHz requirements to cover the new CA configurations in Rel-11;

· Proposal 2: for Test set 1 and Test set 2, only select one among the 2×20MHz, 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz requirements to test the UE functionality of receiving the maximum aggregated bandwidth. The 2x10MHz requirements are still applicable for all the band configurations supporting 2x10MHz.

If the group are happy with these proposals, the new TBS need to be calculated and new simulation campaigns are needed.
3.3 
Soft buffer management tests
For soft buffer management tests, UE will divide the buffer equally according to the carrier number. For 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz bandwidth combination, the carrier with smaller bandwidth will suffer less from the buffer shrinking than the carrier with larger bandwidth. As an extreme case, the gap between with instantaneous buffering and without instantaneous buffering for 10MHz+15MHz would be small for even highest order MCS.
Therefore in addition to Proposal 1 and Proposal 2, for soft buffer management tests, we propose

· Proposal 3: for soft buffer management test, the new MCS should be selected for additional soft buffer management tests with bandwidth combination of 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz, among which only one requirement should be selected and tested against.

3.4 
Power imbalance tests
Because the power imbalance test cases currently only apply for intra-band CA configurations, there is no need to add new test cases for Rel-11.
3.5 
Sustained data rate testing
The existing sustained data rate requirements assume the bandwidth of 2×20MHz. There would be a big problem for a CA capable UE which does not support any CA configuration with bandwidth combination of 2×20MHz, e.g., only supporting CA_1A-19A. Actually the same problem will happen to UE category 3, 4, 6 sustained data rate which requires 20MHz.
For single carrier mode, Rel-8/9 UE can support multiple bands, among which one band will support 20MHz. So there might be no problem that single carrier sustained data rate testing applies in Rel-8/9. But we are not sure whether all the CA capable UE can support multiple CA configurations among which one configuration can support 2×20MHz.

So we would like ask the group the following questions:
· Is there a UE not supporting 20MHz in practical market?

· Will there be a CA capable UE not supporting 2×20MHz in the future market?

If the answer to the last question is yes, we propose to study how to conduct the sustained data rate test on this kind of UE. Maybe such kind of UE belongs to other UE category instead of current specified Cat 6,7 which support CA.
· Proposal 4: Study how to conduct the sustained data rate test on the CA capable UE who does not support 2×20MHz.
3.6 
CA CSI testing

Current CA CSI test for FDD is based on 2x10MHz and for TDD is based on 2x20MHz. Only the CA scenario not supporting2x 10MHz would be problematic, e.g., CA_1A-7A. So we need to consider whether the new requirements should be added to cover such case.
3.7 
Introduction of CL_B requirements

The WID for Band 1 carrier aggregation CA_1B was shifted from Rel-11 to Rel-12. So there is no need to cover CA_1B in Rel-11 demodulation requirements. But in Rel-12, CA_1B should be covered.
4 Conclusion
This contribution analyzes the impact of Rel-11 CA WID on the demodulation requirements. Because the new CA configurations are defined in Rel-11, new bandwidth combinations are introduced. The existing 2×10MHz and 2×20MHz requirements could not covered all the Rel-11 CA scenarios. 
Therefore we have the following general proposals for Rel-11 CA demodulation requirements:

· Proposal 1: for Test set 1 and Test set 2, add the new FDD requirements with the bandwidth combinations of 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz in addition to the existing 2×20MHz requirements to cover the new CA configurations in Rel-11;

· Proposal 2: for Test set 1 and Test set 2, only select one among the 2×20MHz, 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz requirements to test the UE functionality of receiving the maximum aggregated bandwidth. The 2x10MHz requirements are still applicable for all the band configurations supporting 2x10MHz.
In addition to Proposal 1 and Proposal 2, for the soft buffer management tests, we propose

· Proposal 3: for soft buffer management test, the new MCS should be selected for additional soft buffer management tests with bandwidth combination of 15MHz+20MHz, 10MHz+20MHz and 10MHz+15MHz, among which only one requirement should be selected and tested against.
For power imbalance testing, no new requirements should be introduced.

For CA capable UE sustained data rate testing, we propose that 

· Proposal 4: Study how to conduct the sustained data rate test on the CA capable UE who does not support 2×20MHz.
In Rel-12, CA_1B should be covered by the CA demodulation tests. And we also suggest studying the coverage issue for CA CSI tests
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